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(34> IJqute crystal display device 

an A Ikwid crystal display device has a spaced pair of electrode^rryjng euba^tes (10, 11> «^\a layer 
o. *•» therebetween in a display area and Joined ^^^^±^^1 
mnmf^BdhasIve. To. avoid possible contamination of the Hqmd crystal matwM tfthar by epoxy of the 
3^o^«mtantVpS«ln g therethrough, a barrier was (22) »P°Mmlde to dl epoeed a ongeKfa 
^aaaDng frame over at toast a major part of Ita length and axtenda betweenthe two substrata* to 
separate the liquid crystal material In the display area from that part of ma frwne. 
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SPECIFICATION 

Liquid crystal display devices 

5 This invention relates to a liquid crystal dis- 
play device comprising a pair of substrates 
with a layer of Bquld crystal materiel disposed 
therebetween and e peripheral seating frame 
of epoxy extending between the substrates 

to and around the Hquid crystal material. 

Such a device may bo used to display al- 
phanumeric or prfctoral Information by applying 
appropriately configured energising electrodes 
to the surfaces of the substrates adjacent the 

15 liquid crystal layer. In addition to providing a 
sealing function, the epoxy frame serves also 
to bond the substrates together end, together 
wfth spacing elements dispersed therein, may 
also act to maintain a predetermined specing 

20 between the substrates. 

The use of epoxy for this purpose is com- 
mon es the opoxy material is relatively cheap 
and easy to apply. An example of suitable 
epoxy materiel which has been used hereto- 

25 fore Is the single component epoxy sold under 
the name GrUonite (Trade Mark) HC 60703. 
However, ft has been found that sealing 
frames constituted by epoxy can be disadvan- 
tageous as* over a period of time, epoxy may 

30 dissolve slowly into the organic liquid crystal 
material to contaminate the liquid crystal ma- 
terial whereby the resistivity of the Squid crys- 
tal material is altered, thus effecting display 
performance. The effect of dissolved epoxy 

35 may not be unduly troublesome in a low reels- 
ttvtry Wnd of display device, but in a high 
resistivity kind of device the effect becomes 
significant Moreover, epoxy sealing frames 
may sometimes also permit water from ambi- 

40 ant atmosphere to permeate therethrough, al- 
beit slowly, again resulting in contamination of 
the liquid crystal materia! through the forme* 
tlon of bubbles. 
The uee of epoxy sealing frames may there- 

4-5 fore be a major contributory cause in limiting 
the display device's lifetime. 

in order to avoid this problem, it Is known 
to use in Mould crystal display devices sealing 
frames formed of glass frit rather than epoxy. 

SO Whilst these frames are found to be generally 
satisfactory in maintaining the Bquld crystal 
materia! free from contamination, their fabrica- 
tion involves a high temperature (around 350 
to eOO*CJ processing operation end thus they 

55 are more complicated and mora expensive to 
apply than epoxy frames. 

(t Is an object of the present invention to 
provide e liquid crystal display device having 
for convenience e sealing frame of epoxy but 

60 which at least to some extent overcomes the 
aforementioned problems whh known kinds of 
devices. 

According to the present invention, there la 
provided a liquid crystal display device com- 
65 prising e pair of substrates with a layer of 



liquid crystal maieriaJ disposed therebetween 
in a display area and a peripheral sealing 
frame of epoxy extending between the sub- 
strates end around the liquid crystal materiel, 

70 which is characterised in that a barrier wall 
comprising poh/imide material extends adjacent 
at least a major part of the length of the 
sealing frame and substantially separates the 
liquid crystal material in the display area there- 

75 from. 

Thus, the display device retains an epoxy 
sealing frame and ee a result shares the ad- 
vantages associated whh the use of this ma- 
terial. However, with such a device, the liquid 
SO crystal material in tho main display area Is 
physically Impeded from contacting at least a 
major part of the epoxy frame by the barrier 
wall, so that contamination of the liquid crys- 
tal materia) by that pert, end by water per* 
85 meeting through that part. Is avoided. The po- 
lyimlde banker well Itself la substantially non- 
contaminating. WhSst the liquid crystal ma- 
terial could be completely confined by the po- 
lyimide barrier well to prevent any contamina- 
00 tlon by the epoxy seeling frame, this need not 
be essential. Because the extent of contamina- 
tion is directly proportional to the area of con- 
tact between the liquid crystal material end 
the epoxy seelfnn frame, any reduction in that 
95 contact aree results proportionately In e corre- 
sponding reduction in the extent of contamina- 
tion. Hence If, soy, only three-quarters of the 
length of the epoxy sealing frame is shielded 
by the barrier well from the Squid crystal rna- 

10O terial, a significant reduction in contamination 
and Its effect is nevertheless achieved. For 
example, in the case of a generally rectangular 
display device In which the sealing frame Is 
also generally rectanguler, the barrier wall may 

105 be present to prevent contact between the 
Rquid crystal material contained within that 
generally rectangular boundary and three sides 
of the sealing frame, this being sufficient to 
reduce contamination to en acceptable level 

1 10 even for a device intended to be operated 
over a prolonged period of time. In a pre- 
ferred embodiment the barrier wall extends 
alongside the at least major part of the length 
of the seeling fame and Is In the form of e 

1 1 6 continuous strip* as Is the sealing frame. Such 
a barrier wail may conveniently be provided as 
a screen-printed strip or by spinning a layer of 
polylmide precursor end removing unwanted 
regions to leave a strip of pofylmfde. 

120 The barrier wail may be disposed abutting 
the at least major part of the length of the 
sealing frame or alternatively spaced slightly 
therefrom. 

Preferably, the barrier wall extends oom- 
126 pletely between the two substrates over the 
said et leest major part of the length of the 
seeling frame. This ensure* separation of the 
liquid crystal material from that pert of the 
seeling frame. However, in the case where the 
130 barrier well is spaced slightly from the seeling 
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frame, contamination of the liquid crystal ma- 
terial In the main display area wrtftfn the bar- 
rier wall Is stHi considerably reduced even if a 
small gap exists between tho barrier wait and 
5 on© of the substrates. During filling of the de- 
vice, flquid crystal materiel wfll also fill the 
spaca between tha banter wall and the sealing 
frarno through this gap. Although the Squid 
crystal material in the gap wEl than become 

10 contaminated over a period of time, the flow 
properties of the material and the effect of tho 
barrier wall are such that a much greater per- 
iod of tfime w8l pass before an amount of 
contaminatad material sufftcfent to causa any 

15 significant affect on the performance of the 
device ia actually present in tha main display 
area* 

In order to improvo the frame's sealing pro- 
perties and reduce the possibility of water 
20 {and other undesirsd contaminating materials) 
permeating through the sealing frame, an inert, 
electrically inauJatfve powder such as silica or 
alumina powder may be mixed with the 
epoxy. This has the effect of rendering tha 
25 sealing frame substantially Impervious. 

Spacing elements may be dispersed in the 
barrier wall to maintain a predetermined spac- 
ing between tho two substrates. 
A liquid crystal display device fin accordance 
30 with the present invention will now be de- 
scribed, by way of example, with reference to 
the accompanying drawing In which: 

Figure 1 Is a schematic cross-sectional view 
through tha display device; and 

39 Figure 2 is a schematic plan view of a part 
of the display device during fabrication show- 
ing the layout of certain components on one 
substrate of the olsplay device, 

Refeirfng to Figure 1, the liquid crystal die* 

40 play device comprises two parallel glass sup- 
porting plates 10 and 1 1. A pattern of tran- 
sparent electrodes 14 to be driven Individually 
Is provided on the supporting plate 10 which 
are connected through supply electrodes to 

45 external connection eletrodes (not shown} in 
conventional manner. An opposite continuous 
second electrode 15 which is common for the 
pattern of electrodes 14 Is provided on the 
supporting plate 1 1 and extends over a 

50 greater part of that plate. Alternatively a num- 
ber of discrete area second electrodes electri- 
cally Interconnected through narrow strip por- 
tions and in registration with respective ones 
of the electrodes 14 may instead be used. 

56 The electrode 15 is connected to an external 
connection electrode 16. 

The pattern of electrodes 14 may be In the 
form of alphanumeric characters or pfctoral 
representations depending on the purpose for 

60 which The display device is intended to be 
used. Tho electrodes 14 and 16 may for 
exam pie be of indium tin oxide, 

Tha electrodes 14 and 16 and exposed 
areas of the supporting plates 10 end 1 1 ed- 

65 jacant thereto are covered by continuous llqurd 
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crystal orientation layers 17 and 18 compris- 
ing an organic polymer, for example poiyimide. 
Those layers 17 end 18 may extend (as 
shown in Figure 1) only over a central region 
70 of tha plates 10 and 1 1, or alternatively may 
extend completely across the plates 10 and 
1 1. The plates 10 and 11 together with their 
associated electrodes and orientation layers 
constitute substrates of the device, 
75 The two supporting plates IO and 1 1 are 
bonded together and sealed peripherally by a 
frame 20 cornprislng a continuous atrip of 
suitable epoxy adhesive such as Grllorrfre PIC 
60703 (Trade Mama)/ mixed with alumina par- 
80 tides extending between the plates 10 and 1 1 
(and over the orientation layers 17 and 18 If 
these are formed completely over the plates 
10 and 1 1} to define a containment volume 
(cetD for liquid crystal materiel. Besides bond- 
-85 ing together and seating the plates 10 and 11, 
the frame 20 can serve when used together 
with spacing elements dispersed therein also 
to apace tha plates 10 and 11 apart. To 
maintain a predetermined and accurate spacing 
90 relationship, particularly in the case of targe 
area matrix display devices, the device may 
further include grains (not shown) or other 
spacing elements, for example, fibres, distri- 
buted homogeneously within the containment 
95 volume and abutting the two substrates. 

Dia posed slightly inwardly of and alongside 
the frame 20 and extending completely be- 
tween the plates IO and 1 1 Is a barrier wall 
22 of polylmlde material, namely PyraKn 
100 (Trade Name) PI 2650, This barrier wall 22 
may extend completely around the periphery 
of tho device, parallel to the sealing frame 20. 
However a small opening may perhaps be pro- 
vided along the length of both tha barrier wall 
106 and sealing frame to permit the introduction of 
liquid crystal material. 

The space between the two substrates, 
constituting the device's display area, is fiSed 
wfth nematic liquid crystal material 24 having 
110 positive dielectric anisotropy, for example 
liquid crystal material available from Mesars. 
BOH under the name of H7. Upon the applica- 
tion of potentials to certain combinations of 
electrodes 14 and IS and the creation thereby 
11S of en electric field across the liquid crystal, 

desired information can be displayed in known 
manner, potarisera {not shown) being provided 
on the outer aurf^Qos of the plates 1 0 and 1 1 
for this purpose. Different liquid crystal ma- 
120 terlala exhibiting other electro-optical effects 
may be employed however, for example dy- 
namic scattering, guest- host cho Jest eric, and 
electrically Induced birefringence effect ma- 
terials* Apart from the provision of the barrier 
125 wall, the display device is of a type generally 
well Known and a detailed description of its 
construction and operation Ja for this reason 
considered unnecessary. 
Referring to Figure 2. mere Is shown a 
130 schematic plan view Illustrating the lay-out of 
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the seeling frame 20 and barrier wail 22 on 
one substrata of the device during fabrication, 
In this particular case, the seaBng frame 20 
defines a generally square containment vol* 
5 time, i.e. cell. For simplicity the electrode 15 
OTrtftguratlon, supply conductors and orienta- 
tion layer 18 have been omitted from the 
figure. As can be seen, the frame 20 of 
epoxy materiel with alumina extends eubstan- 

10 tlaJry continuously around the periphery of the 
plots 1 1 and defines along one side en open- 
ing 28 through which Squid crystal material Is 
eventual to be introduced. The barrier weB 
22 of polyimide extends substantially continu- 
es ousty adjacent to and within the frame 20 
around the periphery of the plate 1 1 and at 
the opening 28, Following assembly of the 
other substrate and the introduction of liquid 
crystal material, the opening 28 is seated. In 

20 this way, the layer 24 of Kquid crystal material 
in the display area la totally confined by the 
barrier wall 22 and prevented from physically 
contacting the frame 20. Thus, whilst the ad- 
vantages of using epoxy material for the frame 

25 20 are retained, the disadvantages associated 
with this materiel are avoided since comamK 
nation of the liquid crystal material by the . 
epoxy of the frame 20. end possibly also by 
permeation of water through the frame 20, 

30 cannot occur. The polyimide of the barrier wsfl 
la substantia 8y non-contaminating In this re- • 
spect and substantially impermeable by water. 

Spedrtg elements for maintaining a desired 
separation of the two substrates may be em- 

35 b9dde6 in the barrier wall 22. 

The opening 28 may be omitted and liquid 
crystal material instead introduced through en 
aperture provided in the plate 11. In this case, 
the sealing frame 20 and the barrier wall 22 

40 would both be non-ending- 

Whilst shown slightly spaced from the 
frame 20, the barrier wall 22 may bo arranged 
such that following assembly of the plate 10 
thereon, and allowing for a certain amount of 

45 flow of the epoxy frame 20. it abuts the 
frame 20 so as to minimise the reduction In 
area of the tlquid crystal layer 24 caused by 
the presence of the barrier wall 22. 
rt ha not necessary that the barrier wall 22 

50 completely surrounds and confines the liquid 
crystal layer 24 In the main daplsy area. As 
the extent of contamination of Bquid crystal 
material in this area by epoxy material Is de- 
pendent mainly on the extant of area contact 

55 therebetween, a display devfce In which the 
level of possible contamination is reduced to a 
oufhetently low value where ft becomes insig- 
nificant and acceptable for most purposes can 
be produced by arranging the barrier wall to 

60 ahiefd the liquid crystal material from a major 
part of the epoxy frame 20 rather than all of 
the frame 20 aa do scribed above. For 
example, with regard to the arrangement of 
figure 2, tho upper end lower sides of the 

65 barrier wall may continue right up to the side 



of the frame 20 containing the opening 28 
and terminate at those points so thai the afor- 
ementioned aide of the frame 20 is exposed 
to and allowed to contact the liquid ciystal 

70 material. Obviously, the barrier wall 22 tsrmi- 
nates and contacts "mat side of the frame 20 
in such a manner as to provide a seal to 
prevent liquid crystal rnateriai from entering 
the gap {if provided) between the barrier wa8 

76 22 and frame 20. Although therefore in this 
arrangement, the liquid crystal material is in 
contact wfth a part of the epoxy frame 20, a 
major part of the frame 20 Is still shielded by 
the barrier wall so that the amount of contact 

80 actually existing, and hence the correspondin- 
gly proportionate amount of contamination 
likely to be caused. Is relatively smaU and. In 
many cases withal acceptable limits. 
The fabrication of the display device will 

85 now be described briefly. The patterned eiec- 
trode 14 of indium tin oxide Is laid down on 
the supporting glass plate 10 in the desired 
configuration together with Ite associated sup- 
ply electrodes and connection terminals using 

80 any convenient known technique such as va- 
pour deposition, sputtering or silk screening, 
to a thickness of around 0.15/*n. The contin- 
uous electrode 15. again with its associated 
supply electrode and connection terminal, Is 

95 deposited on mo glass plate 1 1 In similar 

manner. . 
Polyimide precursor such as oolyamic acid, 

eventually forming the poryimkJe barrier wall 
22, is then provided on the plate 1 1 using e 

100 screen printing technique. Alternatively porylm- 
jde precursor may be spun onto the plate 1 1 
t© a required thickness and thereafter un- 
wanted regions of the rnateriai removed to 
leave the desired pattern. In either case, the 

105 poryfmide precursor is applied m llquW form in 
a volatile solvent, for example methanol Fol- 
lowing Ita appHcation on the plate 1 1 . and the 
selected removal of unwanted regions if 
necessary, the pofyirnide precursor Is cured by 

1 10 subjecting the plate 11 to a temperature up to 
240'C for approximately 1 hour to obtain a 
continuous strip of substantially uniform height 
equal approximately to the desired ceil spec- 
ing, say 12*<m and around 3mm width; al- 

1 15 though the width chosen is not critical. 

The orientation layers 17 and 18 are then 
formed by depositing layers over the exposed 
surface areas of the electrodes 14 and 15, 
and plates 10 and 1 1 to a thickness of 

120 around 0. 1/im in conventional manner. 

The frame 20 is formed as a screen printed 
atrip of partly cured epoxy mixed with alumina 
particles acting s M»ior, The strip is deposited 
such that, after preliminary drying, rt has a 

125 thickness (I.e. height) of, say, around 22f*™ 
and a width of O.S to 1.2mm>. The atrip may 
also contain spacing elements, for example, 
grains of glass or alumina. Additional spacing 
elements may be located in the liquid crystal 

130 containment volume. The plates 10 and 11 
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tfctfiy as hereinbefore described with reference 
to, and as shown In, the accompanying draw- 
ing. 
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ere then brought together under pressure 

whereupon the epoxy strip Is compressed, al- 
lowance being mods In the device construe- , 

tfon for the Inward creep of epoxy as s result 
5 of This, until the desired plate spacing deter- 
mined by spacing elements if provided, of, *n 

this particular case, around 1 1/jm fa achieved. 

In so doing, the piste tO is forced against the 

potyi'rnkte strip constituting the barrier wall 
10 and compresses that strip very slightly so that 

a fluid-tight seal is achieved. 
Thereafter, the structure Is hosted up to 

17CTC to effect final curing of the epoxy strip 

to bond and seat the plates together. 
1B Finally. Hqu*d crystal materiel Is introduced 

through either the opening 28, or alternatively 

an aperture in one of the plates as previously 

mentioned, under vacuum to fit the vofume 

defined by the barrier wall 22, and exposed 
20 parts of the frame 20 if present,' the opening 

thereafter being sealed by an epoxy plug. 

* 

CLAIMS 

t. A liquid crystal display device comprising 
25 a pair of substrates with a. layer. of liquid crys- 
tal material ols posed therebetween In a dis- 
play area and a peripheral Seating frame of 

epoxy extending between the substrates and 

around the Squid crystal material, characterised 
30 in that a barrier wall comprising poryimide ma- - 

terfel extends adjacent at least a major part of 

the length of the sealing frame and substan* 

■oafly separates the liquid crystal material in the 

display area therefrom. 'i 
35 2. A Squid crystal display device according 

to Claim 1, characterised in that the barrier 

watt extends alongside the at least major part 

of the length of the sealing frame and is of 

continuous strip form. 
40 3. A ftqtid crystal display device according 

to Claim 1 or Claim 2, characterised in that 

the barrier welt ts formed by screen printing . 

4. A liquid crystal display device according 
to Claim 1 or Claim 2, characterised in that 

45 the barrier waa is formed by spinning a layer 
of poh/imide precursor over one of the sub- 
strates and removing unwanted regions to 
leave a strip of poryimide. 

5. A Squid crystal display device according 
50 to any one of the preceding claims, character- 
ised in that the barrier wad extends com- 
pletely between the two substrates over the 
said at least major part of the longth of the 
sealing frame. 

55 6. A liquid crystal display device according 
to any one of the preceding dalms, character- 
ised In that the seating frame comprises an 
inert, electrically Insulative, powder mixed with 
epoxy. 

60 7. A Ifquid crystal display device according 
to any one of the preceding claims, character- 
ised in that spacing elements are dispersed in 
the barrier wall to maintain a predetermined 
spacing between the two substrates. 

65 8. A liquid crystal display device substan- 
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